ABSTRACT. Measuring how fish consumption advisories affect angler's utility has proven difficult. Relying on stated preference (SP) data is problematic because of hypothetical bias. Revealed preference (RP) data benefits from using actual behavior; however, co-linearity often makes it difficult to model the array of advisory severity levels across different species and catch rates. The array of advisories also makes traditional joint estimation impractical. This paper describes an alternative joint estimation technique, based on an index of SP parameter, that we used for estimating the effect of fish consumption advisories on the Fox River/Green Bay. (JEL Q51, D18)
I. INTRODUCTION
Fish consumption advisories limit or prohibit the consumption of fish because of elevated levels of toxic substances in fish tissue. The advisories can be issued in response to specific sources of pollutants at specific locations, such as the PCB advisories for the Fox River and Green Bay, Wisconsin. Alternatively, they can be blanket advisories, such as in Maine, where mercury advisories apply to all inland lakes.
The overall effect of fish consumption advisories on angler utility depends on several factors. Limits on consumption should reduce utility for anglers who enjoy eating their catch. Conversely, some anglers may be unaffected by advisories because they practice catch-and-release fishing. Moreover, many fish consumption advisories recommend limiting consumption to a certain number of meals per month, thereby allowing some level of limited consumption. The consumption limits will not be a binding constraint for anglers who eat fish only two or three times during the course of the season. The magnitudes of these effects will depend on the severity of the consumption advisories, the attributes of the fishery, and the characteristics of the anglers.
The effects of fish consumption advisories have been the subject of several studies. Jakus has conducted annual surveys of Tennessee anglers which are the basis for several advisory studies (Jakus, et al. 1997; Jakus, Dadakas, and Fly 1998; Parsons, Jakus, and Tomasi 1999; Jakus and Shaw 2003) . Montgomery and Needelman (1997) researched the impacts of advisories on New York anglers. Other fishing studies, which have included advisory variables, include Chen and Cosslet (1998) , Parsons and Hauber (1998) , and Jones and Sung (1993) . These studies show significant variations in the potential effects of advisories, making it difficult to conclusively determine the impact on angler utility. Moreover, many of the studies are limited by the data available on the variability and extent of the advisories or by unavoidable correlations between the advisories and other site characteristics.
Developing a better understanding of the effects of advisories is particularly important for natural resource damage assessments (NRDAs). Under the Comprehensive Environmental Response, Compen-sation, and Liability Act (CERCLA), companies may be liable for any reduction in fishing quality from advisories that result from hazardous substance releases. Estimating the effect of fish consumption advisories has been an important component of several NRDAs, including the Fox River/Green Bay NRDA. During the 1960s, PCBs were used in the manufacturing and recycling of carbonless copy paper. The PCBs were released into the Fox River, resulting in the issuance of fish consumption advisories for the Fox River and Green Bay. The studies conducted as part of the NRDA provide some new data and empirical insights on advisories. 1 This paper describes the techniques that we used for the State of Wisconsin/Potentially Responsible Party NRDA to evaluate the effects of fish consumption advisories in the Fox River and Green Bay. The Fox River study has several important characteristics. First, it uses a large dataset of single-day fishing trips over a wide geographic area with extensive site-characteristic data and narrowly defined sites. Therefore, the study maximizes the potential for revealed preference (RP) data to capture and isolate advisory effects. Second, RP data are supplemented with stated preference (SP) data to help estimate the differential effect of advisories across numerous fish species and severity levels. However, because SP data may contain hypothetical bias and poorly predict market share or site choice (Swait, Louviere, and Williams 1994; Ben-Akiva, Morikawa, and Shiroishi 1992) , the Fox River study uses the SP data to help create an index to measure the severity of advisories. Thus, instead of attempting to join RP and SP data using the standard approach of Swait and Louviere (1993) , this study develops an alternative approach to incorporate both RP and SP data.
Ultimately, the recreational damage assessment estimates the monetary value of the losses from advisories. Because there is a lack of consensus in the economics literature on the appropriate method for monetizing distance in a travel cost framework (Randall 1994) , the parties were concerned that the assumptions for converting distance to dollars could have a significant impact on the results. After reviewing the data, all parties agreed that developing a refinement in measuring the impact on angler behavior would not provide value to the assessment process unless the travel cost assumptions were also addressed. Although the primary focus of this paper is on the reaction to advisories, we also report empirical evidence about alternative monetization assumptions because the sensitivity to these assumptions has a significant impact on the settlement. This paper is organized as follows: Section 2 provides an overview of the model structure. Section 3 provides a brief review of the existing literature on fish consumption advisories. Section 4 describes our modeling approach. Section 5 describes the data used. Section 6 provides the results. Section 7 discusses the implications of the results and offers recommendations for further research.
II. MODEL STRUCTURE
The random utility model (RUM) for this study includes both site-choice and participation components. The utility function for site choice is U i 5 X i b + e i , where X i is a vector of site characteristics, b is a vector of parameters describing the weight given to each site characteristic, and X i b is deterministic component of utility. The random part of the utility function, e i , has a Gumbell-distribution error term. The marginal utility of income is assumed to be constant. We assume that the angler chooses the site, i, that provides the highest level of utility (i.e., X i b+e i . X j b+e j for all j).
2 Ignoring the individual subscript and letting J denote the choice set, the probability that an individual will select alternative (i) is
A participation component allows anglers to change the number of trips they take as well as the location of trips, which may be important for welfare calculations. The literature contains several methods for estimating the participation component of recreation demand; however, evaluating the different approaches is beyond the scope of this project. Therefore, we use the straightforward repeated-logit model, as described in Parsons, Jakus, and Tomasi (1999) . Ignoring the subscript for the individual, the model is
Z is a vector of individual characteristics; I, a scalar, is the inclusive value from the site-choice model [i.e. L 5 ln(S j exp(X j b))]; and h and l are parameters to be estimated. We estimate the full model, participation, and site-choice, using full-information maximum likelihood estimation.
Welfare estimates are typically based on compensating variation. More formally, to calculate compensating variation, define D as the log-sum of the current choice set:
Define D9 as the same measure across the set of fishing sites with the advisories removed. Compensating variation (CV) for a single individual, assuming a constant marginal utility of income, is defined as
where b TC is the parameter on travel cost and N is the number of choice occasions (Parsons. Jakus, and Tomasi 1999; Parsons 2003) .
3
The Role of Travel Cost
Travel cost models convert distance into the dollars for welfare measures. Despite extensive literature on the topic, significant differences still remain among the approaches. One can find advocates for using everything from the full wage rate to no wage rate. Moreover, the basis for assumptions about operating costs is typically not discussed.
Ultimately, the Fox River NRDA relied upon the compensatory restoration approach, which does not require scaling by travel costs. Therefore, the Fox River NRDA did not estimate results using travel cost, 4 and we replaced b TC in equation 4 with b d . However, for illustrative purposes in this paper, we approximate the monetary 2 We estimate a single model for all anglers. Other papers have shown that potential losses for anglers can vary based upon whether respondents are catch-andrelease or catch-and-eat anglers. To test this, we estimated simple site choice models for anglers based upon their rating of the importance of being able to eat the fish they catch on a 1 to 4 scale (4 5 very important, 1 5 not important). The losses per angler were very different within these groups; however, the total losses from a single model of all anglers were within 1 percent of the total losses from summing the results from the four models. Therefore, we use the single model. 3 A constant marginal utility of income is a common assumption in recreational demand modeling. For example, all of the studies we review in the next section make that assumption. Imposing this assumption may bias the results and prevent us from understanding the distribution of losses across income groups. At the suggestion of a reviewer, we tested the potential impact of the assumption. We divided the sample into high-, medium-, and low-income groups and estimated separate RP site choice models for each. The losses per angler did vary significantly across income groups; however, the total losses for a model for the entire sample were within 1 of the losses when summing the results of the three groups.
4 See Desvousges, MacNair, and Smith (2000) . The basic intuition is that travel cost assumptions cancel out the losses and gains, although distance is still incorporated in the model. This approach is not at odds with arguments raised by Flores and Thacher (2002) . When discussing use values based on RP data, they show the potential biases of omitting distance from the model because it represents a cost. They do not address the issue of scaling distance to a cost variable. value of the potential losses from advisories assuming constant marginal utility of income, travel costs are a linear function of distance traveled (Shaw and Feather 1999 Table 1 summarizes the results of six published RUM studies that report results on fish consumption advisories. 5 In order to make meaningful comparisons between these studies, we calculate a standard welfare measure across the studies. We use the willingness to pay (WTP) to avoid advisories: b A /b TC , where b A is the parameter on the advisory variable in the RUM. The WTP to avoid advisories is the loss from advisories due strictly to the change in quality of the fishery from the advisory. For our purposes, this measure is more meaningful than more common measures, such as loss per trip or loss per season, which are based on compensating variation and are affected by the share of trips to the sites with advisories and site quality. The WTP to avoid advisories shows the loss from not being able to eat the fish, holding all of these other factors constant.
Specifically, consider a simple site choice model, with site i having an advisory. CV can be written, ignoring the individual subscript, as:
Part of the variation in welfare measures across studies will simply be from P i . Note that, if all sites had an advisory (i.e., P i 5 1), CV would equal WTP to avoid an advisory-there is no site substitution, just a change in site quality.
The estimates of WTP to avoid advisories show little consensus, with the reported values ranging from $24.20 per trip to $23.97. Given that all of these studies attempt to measure similar environmental amenities, the wide range is surprising. The results from these studies highlight the challenges associated with measuring the effects of fish consumption advisories on utility.
Perhaps somewhat surprising, we find that differences in travel-cost assumptions dominate the results. A large part of the variation in estimates is attributable to travel-cost assumptions used in these studies. We modify the calculations of the travel-cost variable to make it consistent across studies, thereby removing the sensitivity of results to assumptions about travel cost. A common approach to representing the opportunity cost of travel time is to use a fraction of the wage rate, such as onethird, to reflect the fact that travel is less onerous than work (McFadden 1996) . However, all of the studies in Table 1 use the full wage rate. Moreover, these studies use costs of $0.25 to $0.30 per mile, which likely overstate the true marginal costs of operating a vehicle. 6 As an alternative, we normalize based on the out-of-pocket operating expenses for an SUV as determined by AAA, which is $0.12. This cost is also the 5 Two other notable studies have been published dealing with fish consumption advisories. They use the same data that have been cited above, but use different estimation techniques that make it difficult to compare with the studies above. Jakus and Shaw (2003) estimate a model where the angler's reaction to advisories is based upon perceived hazards, prior beliefs, and habits. The model shows significantly different results for catch-andrelease anglers and catch-and-eat anglers, which affects the distribution of losses, but not the total losses. Shaw and Shonkwiler (2000) develop an alternative to the repeated nested logit model for estimating losses from advisories. They use the same data as Parsons, Jakus, and Tomasi (1999) but significantly lower welfare estimates, in part because they chose not to include a fraction of the wage rate in their travel costs.
IRS deduction rate for use of a vehicle for charitable purposes or for moving expenses. Finally, the studies make different assumptions about driving speeds, ranging from 40 to 50 miles per hour (mph), which can affect travel costs and welfare estimates by 20 percent. After reducing the cost of time to one-third the wage rate (we assume an average wage rate of $16), reducing the operating costs to $0.12 per mile, and using a 45-mph driving speed, we find that the WTP values now range from $7.43 to $21.26. Clearly, this change in estimates shows the potential importance of the travelcost assumptions on welfare estimates.
In addition, many of the studies model advisories with dummy variables. However, most states use a complex system of advisories that vary in severity by fish species and size, which is difficult to model with dummy variables. The dummy variable approach will capture the effect of only an average advisory level on a site. If different advisories have differing effects on angler behavior, using a dummy variable approach may mask the actual effect of the advisories. Moreover, a dummy variable may be dominated by unobserved negative or positive site qualities for a few dominant sites. Finally, some studies had few sites with advisories or highly aggregated sites, which also make it difficult to tease out the effect of specific types of advisories. Thus, the large-scale data collection in the Fox River NRDA may help to clarify some of the effects of advisories on angler behavior.
IV. MODELING FISH CONSUMPTION ADVISORIES
The State of Wisconsin uses a complex fish consumption advisory system for waters containing PCBs. The advisories vary by species and size and have four severity levels, ranging from ''eat no more than one meal a week'' to ''do not eat.'' If a RUM contained all severity levels by species and by fish size for each site, then 142 different advisory variables would be included in the model, which is technically infeasible. Thus, the advisories need to be aggregated to provide enough information in the data for each advisory category for model estimation. At the same time, it is important to ensure that the advisory variables reflect how people use the advisory information. Anglers might simplify the advisory system or attempt to incorporate all of the available advisory information into their decision making. In conducting focus groups and other pretesting of the survey questionnaires, we found that anglers used a wide range of heuristics for processing advisory information, which provided some insights that proved useful in constructing the advisory index.
The simplest approach is to use a single dummy variable indicating the presence of any PCB fish consumption advisory on any species (we call this variable PCB). This approach implicitly assumes that anglers greatly simplify advisory information and that they do not distinguish between a site where the only restriction is on eating catfish and carp, which are a low-valued species, and a site with advisories on walleye and yellow perch, which are more popular species. The model will estimate the losses associated with an ''average'' site. Therefore, the losses for sites with a below-average level of advisories will be overestimated, while the losses for sites with an above-average level of advisories will be underestimated.
A more refined method is to focus only on the species that are most important to anglers. Carp and catfish are not often targeted by anglers in the study area, but they are the species that have advisories most often because they are bottom dwellers. Therefore, as an alternative, we use a dummy variable for sites with a PCB advisory on game fish (PCB Game), which includes all species except carp and catfish.
A further refinement addresses differences in the severity of the advisories for more highly desired species. Under this severity-based approach, sites with advisories fall into one of two mutually exclusive groups:
N Do Not Eat, for sites with at least one species of any size (except carp and catfish) with a ''Do Not Eat'' advisory. N Limited, for sites with at least one species (except carp and catfish) with a ''Limited'' advisory category and no species (except carp and catfish) with a ''Do Not Eat'' advisory.
This approach is consistent with feedback provided by anglers during focus groups and pretests. These anglers indicated that they were more concerned about not being able to eat the fish at all than with limiting consumption.
The severity-based approach still assumes that anglers greatly simplify advisory information in making their site choices. For example, this approach assumes that sites with one game species with a ''Do Not Eat'' advisory are just as undesirable as sites with six game species with ''Do Not Eat'' advisories. Moreover, this model is not sensitive to the catch rates at the site. A site could have a ''Do Not Eat'' advisory for salmon and a ''Limited'' advisory for yellow perch. However, the salmon catch at the site could be negligible while the yellow perch catch is high, making the ''Limited'' advisory the one that has the most impact on anglers at that site. That site would be classified as a ''Do Not Eat'' site because of the salmon advisory. In this situation, it is not clear whether the model will overestimate or underestimate true losses from advisories.
Alternatively, advisories could be modeled as a series of dummy variables with different dummies for different species and severity levels. This approach is technically feasible and was tested during the initial modeling. Even modest attempts to expand the number of advisory dummy variables resulted in unstable, insignificant, or incorrectly signed results. This is probably from a high degree of correlation among some of the advisories (i.e., a site with a ban on yellow perch will always have a ban on walleye). Conversely, for some combinations species/severity, the model may act as an alternative specific constant and pick up unique site characteristics unrelated to advisories. This problem has affected other studies that have attempted to measure the impact of fish consumption advisories with dummy variables (Montgomery and Needelman 1997) .
To address the shortcomings of the severity-based approach and the other approaches, we have developed a fishing advisory index that differentiates among sites with differing advisory structures. This approach combines into a single variable the species-specific information on advisory level, the desirability of catching the species, and the actual catch at a site. By combining the information for all species, this approach assumes that anglers incorporate a significant amount of the advisory information into their choice of a site.
Intuitively, an effective index should be higher at sites with:
N More advisories-Sites where several species have advisories are less desirable than sites where fewer species have an advisory.
N The most restrictive advisories (i.e., ''Do Not Eat'')-Advisories are grouped into three categories: ''Do Not Eat'' advisory, ''Limited'' consumption permitted, or no fish consumption limitations. The ''Limited'' category aggregates three levels of limited advisories (eat no more than one meal per week, one meal per month, and one meal every two months).
N Desirable species-Sites with a highly desirable species have a higher advisory index than sites with the same advisory, but a less desirable species. N Higher catch rates-Advisories at sites with higher catch rates cause higher losses than advisories at sites with lower catch rates.
Assuming two levels of the advisories, a general form for such an index for site j is
The f subscript denotes fish species, and the j subscript denotes the site. There is no individual subscript because the model will be estimated for the entire population of anglers and provide a single set of parameters because information is insufficient for estimating reliable individual-level SP models. Do Not Eat jf is an indicator variable for a ''Do Not Eat'' advisory, b df is disutility associated with the advisory for that species, Limited jf is an indicator for a ''Limited'' advisory, b lf is the associated disutility parameter, Catch jf is the catch per trip of the species at the site, and b cf is the parameter on catch for that species. The task in the econometric analysis is to specify the functional form of the index to match anglers' risk preferences. For example, using the square of the index would reflect increasing risk for higher index values, while the log of the index would reflect diminishing risk.
Of course, if the RP data could provide the b df and b lf for each species, there would be no need to create an index. The effect of each advisory for each species could be estimated via interaction terms. Because the RP data are unable to provide this information for each species and advisory, we use the SP data, which were designed to provide the necessary independence of advisories and species. Specifically, the hypothetical trip scenarios in the SP survey allow us to separately estimate the b df and b lf for a variety of species. The SP data also provide independent estimates of the b cf on a comparable scale to the advisory parameters. Thus, our approach uses the SP data to provide independent information on the relative importance of species-specific advisories and desirability of catch, while using RP data to capture the importance of advisories relative to other site characteristics. The RP data provide the DoNotEat fj , Limited fj , and Catch fj for calculating the index for each site, the many other site characteristics that affect site choice, and the set of substitute sites for welfare calculations.
7 Thus, this index approach allows a single variable to capture the complexity of the Wisconsin advisory system in a way that allows for efficient RUM estimation. The steps in the estimation are as follows:
Step 1. Estimate a SP-only model. The parameters of interest are b df , b lf , and b cf for each species.
Step 2. For each RP site, combine the results of
Step 1 with Catch jf , Do Not Eat jf , and Limited jf , using Equation (2). The result is a sitespecific advisory index.
Step 3. Estimate an RP model with the site-specific advisory index from
Step 2.
In this model, the advisory-index is a combination of RP data and SP parameters. However, in the end, the parameter on the advisory index is determined by the actual RP choices of the respondents. The model does not account for correlated errors between the RP and SP data at the individual level. However, this is a standard assumption within the repeated logit framework for RP, SP, and joint model estimation.
The U.S. Fish and Wildlife Service (FWS) also sponsored a study of Green Bay anglers to estimate the effect of advisories (Stratus Consulting, Inc. 1999 ). This analysis is based principally on SP data, which provide a unique way to evaluate the robustness of the index used in this study. The FWS model is based on SP-paired comparisons for trips to Green Bay with varying catch rates, advisory levels, and boat-launch fees. The model estimates separate parameters for nine different advisory scenarios for hypothetical conditions at Green Bay. For example, the mildest possible advisory scenario is one meal per week on salmon/trout and walleye, while the most severe is a ''Do Not Eat'' advisory for trout/salmon, walleye, yellow perch, and smallmouth bass. Because the FWS study considers only variations in the advisories for Green Bay, to construct the index for comparison purposes, we assume that the lost utility from not being able to 7 We also estimated joint models that follow the standard approach first outlined in Swait and Louviere (1993) . The parameters from the RP and SP data are significantly different from each other. Therefore, the Swait and Louviere approach cannot be applied. See Desvousges, MacNair, and Smith (2000) for a discussion of these results.
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eat Green Bay fish is the same as not being able to eat fish from all other sites in Wisconsin with the same advisory scenario. Therefore, the index value for each site is the parameter from the FWS model for the applicable advisory scenario for that site. The intuition behind this approach is that the hypothetical trip data are useful for providing information about the relative scale of potential losses among sites. However, the actual trip data should be used to calculate the absolute magnitude of the potential losses. We also test numerous functional forms of the FWS Index. Table 2 summarizes the fish consumption advisory variables tested in this study.
V. DATA OVERVIEW
The 1998 Wisconsin Fishing and Outdoor Recreation Survey conducted by the University of Wisconsin Survey Research Laboratory (WSRL) provide the majority of the data for the Fox River NRDA. The sampling frame of anglers from the eastern portion of Wisconsin includes four of the six recreation districts defined by the Wisconsin Department of Natural Resources (WDNR). Anglers were eligible for the survey if they expected to fish in Wisconsin waters during the summer of 1998.
The data collection approach combines both telephone and mail methods. Using random digit dialing, the telephone survey recruited a stratified random sample of anglers and collected demographic information. The recruits were mailed a survey booklet each month during the summer. The survey booklet collected diary information on their fishing trips within Wisconsin and their answers to SP questions about hypothetical fishing trips.
The survey was carefully developed using a series of focus groups and pretests of Wisconsin anglers and outdoor recreators. Pretests and focus groups identified the most important issues to anglers and outdoor recreators and assisted in developing a reliable survey instrument. In all, the seven focus groups and four pretests involved 123 participants from five different Wisconsin municipalities. The focus groups and pretests extensively tested each section of the survey instrument.
The mail survey collected RP data on fishing trips from June through September 1998. The most important RP data collected were the fishing location, length of the trip, available facilities, aesthetics, number of fish caught for each species, and size of the fish. The survey also collected SP data from July through October 1998. The SP questions elicited angler and recreator preferences for fishing-site characteristics, including fish species and catch, fish consumption advisories, type of fishing (boat or shore), type of waterbody, available facilities, aesthetics, and distance from home to the site. Figure 1 shows a sample SP question from the survey.
The telephone survey recruited 1,275 anglers to participate in the survey. The demographic characteristics of the survey participants did not differ significantly from the characteristics of those who declined to participate. Most of the recruits actually participated in the survey, with 81% of anglers returning at least one booklet. Of those participants returning at least one book, 83% of the anglers returned all four 
Fishing Sites
Each inland lake visited by an angler constitutes a separate fishing site for the model. Lake Michigan, Green Bay, Lake Winnebago, and all rivers are divided into multiple sites because of their size or length. Fishing sites on these waterbodies are defined by partitioning the waterbodies into grids determined by 7.5-minute quadrangles used by the U.S. Geological Survey for mapping. Each grid is roughly 7 miles long and 5 miles wide, and each section of a river or large lake contained in a grid is treated as a separate site.
To focus on the effect of fish consumption advisories, the fishing sites are further refined so that there is only one advisory schema per site. The source for the advisories schema is the WNDR's Important Health Information for People Eating Fish from Wisconsin Waters (WDNR 1998). Each of the 53 locations described in the book has a unique collection of advisories by species. For example, the Fox River from the mouth to the De Pere Dam has one advisory schema, while another group of advisories apply to the Fox River from the De Pere Dam to Little Lake Butte des Morts. Therefore, the grid containing the Fox River and the De Pere Dam is divided into two sites, one upstream from the dam and one below the dam. Because of the advisories, the Lower Fox River has six sites even though it is included in only five grids.
FIGURE 1 SAMPLE SP FISHING QUESTION FROM THE FISHING SURVEY
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Each site is further refined by the type of fishing (i.e., boat fishing or shore fishing) that takes place there according to the survey respondents. For example, each inland lake may be associated with two sites, one for shore fishing and one for boat fishing. If anglers report only one type of fishing for a given location, then that location is only one site in the model.
Overall, this approach yields 737 fishing sites. This extensive choice set allows the RUMs to reflect the full range of sitesubstitution possibilities for anglers. All sites are included in the choice set of all anglers.
8 This approach also creates substantial variability in site characteristics, which allow the RUM to better estimate the parameters for each site characteristic, including the parameters associated with consumption advisories. Moreover, using narrowly defined sites reduces the possibility of bias from aggregating sites (Parsons and Needelman 1992) .
Other Site Characteristics
To isolate the effect of the advisories on angler utility, it is essential to include variables that control for variation in facilities and other site characteristics. Therefore, substantial effort was expended to collect site-characteristic information for all 737 sites. The information used to create the facility and environmental quality variables comes from State of Wisconsin publications, Hot Spot Fishing Maps, telephone calls that WSRL made to sites that had fishing facilities, and responses to survey questions.
Fish catch is modeled using data reported by survey respondents. Average catch per trip at the site cannot be used because many of the sites were only visited once or twice. The average catch based on such limited information may be biased. Instead, we compute a more robust measure of the catch per trip. The model uses the regional average catch rate for each species differentiated by the type and size of waterbody (e.g., average catch per trip for walleye in Northeastern rivers). The survey area is divided into 13 regions, six types of waterbodies, and six size classifications for inland lakes. This process creates a total of 143 possible catch rates for each species (additional information is available from the authors).
VI. RESULTS Table 3 shows the results for the SP-only model that provides the parameters for the advisory index. All the variables in the model have the expected sign and are statistically significant. Also, we tested the following three independent hypotheses: all the Limited advisory parameters are equal to each other; all the DoNotEat advisory parameters are equal to each other; and all the Catch parameters are equal to each other. All three hypotheses are rejected at the 99% confidence level. The fact that there are significant differences suggests that an index will be able to pick up variations that may not be picked up by other approaches discussed earlier. In general, the DoNotEat parameters are between two and three times the ''Limited'' parameters, which is intuitively plausible. The walleye DoNotEat parameter has the largest negative value, which seems a reasonable result given the popularity of walleye in Wisconsin. However, the relationship between the DoNotEat parameters and the distance parameter seems to be implausibly large. For example, for walleye the ratio of DoNotEat to distance parameters is 88. This implies that anglers would be willing to travel 88 miles, one way, to avoid a walleye DoNotEat advisory. This result seems implausible because the typical single-day trip by anglers is approximately 20 miles per day. This is one of the major reasons the assessment relied on the RP model for realistic reactions to distance and (implicitly) cost. However, relative valuations of advisories and catch in the SP results do not show the same large differential. Table 4 summarizes the data used for calculating the advisory index for the RP sites. A variety of functional forms were tested to create the index. We ultimately chose the index based on the best fit for the RP model. The best-fit functional form was linear in catch, with the squared version of the index in Equation (7). Although the SP model includes only five species, the index actually includes seven species. Local experts believed it was reasonable to apply the results for yellow perch to other panfish and the results for walleye to northern pike. The final row of Table 4 shows the results for the average advisory index for the site. Overall, 132 sites have a positive advisory index ranging from 0.01 to 0.03. There are 39 unique index values for the dataset. The maximum number of sites with the same value is 19. In contrast, 91 sites have a Limited advisory and 90 have a DoNotEat advisory -for a total of 181 sites with advisories. There is a lower number of sites with advisory indexes because many sites do not have any catch on the species with advisories, which means the index is 0. Table 5 provides descriptive statistics about variables used in the RP models. We estimate five different models, which vary by the type of advisory variable described in Table 2 . The results for the non-advisory variables are similar across all the models. For simplicity, Table 6 presents the results from only the Study Index model for these variables. Table 7 shows the results for the advisory variables from the different model specifications, along with their log-likelihood. The results for the site characteristics show that a variety of characteristics affect site choice. All nine catch variables have the expected positive signs, and seven of them are statistically significant. 9 The parameters are significant for all facilities with the exception of Docks. Of the four groupspecific constants, only the Great Lake variable is significant and positive. This result suggests that the RUMs capture most of the site characteristics that affect site choice, leaving no additional information to be captured by the group-specific constants. For example, the insignificant coefficient on Green Bay shows that no significant characteristics are omitted from the model for predicting trips to Green Bay.
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Five personal characteristics have statistically significant effects on participation. As expected, men and boat owners are more likely to take single-day trips. Older anglers and anglers who say eating the fish they catch is very important also are more likely to take single-day trips. Anglers who own vacation homes are less likely to take singleday fishing trips, probably because they prefer multiple-day, multiple-activity trips.
Overall, 24 site and angler characteristics have a statistically significant effect on the number and location of fishing trips. The number of significant variables is far higher than is typically found in fishing RUMs. This level of significance suggests that the strategy of narrowly defining the sites and including an extensive variety of sites for a large sample of anglers has allowed the RP data to provide clear information about the preferences of Wisconsin anglers.
There are differences in the ability of the advisory variables to explain angler behavior. According to the simple specification in Model 1, PCB advisories have no statistically significant effect on angler utility. This lack of statistical significance appears to result from the advisory variable's level of aggregation. For many sites, the advisories are modest and thus may not significantly affect angler behavior. At others, the advisories are more restrictive and are more likely to change angler behavior. This advisory variable treats both modest and more serious advisories as if they are the same, diminishing the potential effect of the more restrictive advisories and resulting in an insignificant coefficient.
This interpretation is borne out by the results from Model 2. The advisory variable for this model, PCB Game, measures the effect of only those advisories that apply to game fish. This advisory variable is negative and significant, and the log-likelihood is improved over Model 1 and is statistically different using the Pollack and Wales (1991) criteria. However, Model 2 still uses a relatively simple advisory classification.
Model 3 further divides the PCB Game variable into Limited and DoNotEat based on the highest advisory that exists at a site. In Model 3, the Limited variable is negative but not significant, while the DoNotEat variable is negative, significant, and larger in magnitude than the Limited variable. This result suggests that, even within the game fish variables, only the DoNotEat advisory has a significant effect on angler behavior. The log-likelihood statistic for this model is better than all of the other models, based on the Pollack and Wales test and adjusting for the fact that the model has more parameters.
Models 4 and 5 are the index models and include the most complete information about the advisories. For both index models, the advisory parameters are negative and significant: with Model 4, the Study Index provides a nominally better t-statistic and log-likelihood. Based on all of the results shown in Table 7 , Models 3 to 5 provide a basis for estimating potential damages from fish consumption advisories. While the index models do not show improved fit over Model 3, they do allow us greater flexibility in measuring the statistical effect of advisories at specific sites, which is useful from a damage assessment perspective. Table 8 shows the WTP to avoid advisories based on the five models and using 9 Significance is based on the 95% confidence level. a range of per-mile travel costs, $0.25 and $0.65. These values are computed in a similar manner to the travel costs in Table 1.   10 The index models, Models 4 and 5, permit the WTP values to vary by site. Therefore, we report values based on specific index values. Clearly, Table 8 shows that the travel-cost assumptions affect the range of potential losses from advisories more than the advisory variables do. For example, for the Fox River/Green Bay, the WTP range from the two index models is $2.56 to $3.09 using the low end of the travel-cost range. Conversely, using the high end of the travelcost range yields estimates of $6.67 to $8.03. The highest loss per trip comes when using the FWS index in the RP model and using the high travel cost assumptions. The FWS study estimated the losses per trip to Green Bay at $9.75.
VII. DISCUSSION
This paper develops a new approach to modeling the effect of fish consumption advisories on angler utility. Instead of relying on simple categorical variables to model advisories, we have constructed an index that aggregates species-specific information on the severity of the advisory and catch rate at the site. The advisory index uses RP data as the ''base'' data for modeling angler behavior, and it supplements the RP data with SP data to create the index. This is a potentially useful method for other applications of joining RP and SP data when the traditional approach of Swait and Louivere (1993) cannot be used. This method preserves the classic economic preference of relying on actual behavior, but it also recognizes that SP data can enrich and usefully supplement the RP information. As a result, we are able to develop better measures of advisories, especially over time, that lead to more sensible relationships than previously shown in the literature.
In evaluating the effects of fish consumption advisories on angler behavior, our study has still only begun to scratch the surface of this complicated issue. Advisories are likely to continue to be an important public policy tool for managing health risks as more states have added more advisories on more fish and on more water resources. Thus, more efforts such as the study by Jakus and Shaw (2003) , which attempts to develop an understanding of the riskbehavior tradeoffs, are likely to bear fruit. We also think it will be important to understand better what it means to anglers' utility from fishing if they catch more fish as a result of catch-and-release fishing, perhaps at the expense of not being able to consume the fish because of an advisory. Clearly, advisories raise some important questions that are at the forefront of economic research to better understand and predict behavior.
Finally, we have seen that travel-cost assumptions have a profound impact on the willingness-to-pay to avoid advisories. There is little consensus on the theoretically correct approach for measuring travel cost (Randall 1994; Shaw and Feather 1999; McFadden 1996) . One can find support in the economics literature for using alternative approaches that can cause the monetary values of any analysis to vary by a multiple of three. This suggests that, if monetary estimates of willingness to pay are going to be used in determining compensation in NRDAs, a better understanding of the cost of time remains an important area for further research. * For Models 1-3, parameter on advisory/parameter on miles, scaled by travel costs. For Models 4 and 5, the numerator is the parameter for index multiplied by the index value.
